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COOLING ON THE FRONT OF AN AIR-COOLED ENGINE CYLINDER IN A 

CONVENTIONAL ENGINE COWLING 

By M. J. Brevoort and U. T. Joyner 



SUMMARY 

Measurements were made of the cooling on the fronts of 
model cylinders in a conventional cowling for cooling in 
both the ground and the cruising conditions. The mech- 
anisms of front and rear cooling are essentially different. 
Cooling on the rear baffled part of the cylinders continually 
increases with increasing fin width. 

For the front of the cylinder, an optimum fin width 
was found to eorist beyond which an increase in width 
n (hired tin In at transf< r. 

Tin In (it-transfer rorffirieni on thi front of the cylinders 
was larger on tlx side of tin cylinder facing the propeller 
swirl than on the opposite side. This effect becamra mon 
pronounced as the fin width was increased. These n suits 
are introductory to the study of front cooling and show thi 
general effect of the several test parameters. 

INTRODUCTION 

Most of the information available regarding cooling 
on the front of a cylinder of a radial air-cooled engine 
has been obtained from wind-tunnel tests on an un- 
bailed section of a cylinder. The nature of the air 
flow within the front of a conventional N. A. C. A. 
cowling was shown in reference 1 to be very different 
from the steady flow obtained in a free air stream; it is 
therefore probable that the cooling will be very different 
for the two conditions. There is every reason to believe 
that front cooling will not show the same dependence 
on fin spacing and fin w idth for the peculiar air-flow 
conditions found in the front of a cowling as for the 
baffled part of the cylinder. 

The advisability of baffling the entire cylinder and 
resorting to blower cooling should not be admitted until 
front cooling in a conventional cowling has been ex- 
haustively studied. The details of the mechanism by 
which front cooling is accomplished and the power 
expended for this cooling will be discussed in this 
report. 

In reference 2 it was shown that an engine nacelle of 
52-inch diameter in an air stream of 100 miles per hour 
had 32 pounds drag with a hemispherical nose, 42 
pounds drag with a flat plate in the nose, and 45 pounds 
with the nose open. The tests for all three arrange- 
ments were made with the skirt closed, which gave no 
air for cooling. It is thus seen that, at 100 miles per 
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hour, about 13 pounds more drag can be expected with 
an open nose than with a streamline nose. All these 
values were reduced when a nacelle having a better 
afterbody was tested. The best value for the difference 
between a good conventional nose and a streamline nose 
now appears to be only one-fifth of the value of 13 
pounds given in reference 2. 

It was shown in reference 3 that the order of the cost 
of cooling llie rear of the cylinders is 1 to \}{ percent of 
the engine power for a representative engine. Inas- 
much as the power cost of cooling the front of the cylin- 
ders is independent of the power of the engine enclosed 
in the cowling, this front cooling power will amount to 
only about 1 percent of the power of a 2,000-horse- 
powcr engine at 300 miles per hour. Thus, the total 
power required for cooling would amount to not more 
than 2>2 percent of the brake horsepower of a large 
engine. If the wing has a thickness comparable with 
the engine diameter, the form drag will disappear al- 
most entirely and the power cost of the engine installa- 
tion will be close to the power cost of cooling. 

It was further found (reference 2) that the cooling of 
the front of the cylinders compared quite favorably 
with the cooling of the rear baffled part of the cylinders 
in spite of the fact that no directed air velocity could 
be measured over the front of the cylinders. Hot-wire 
measurements showed about 70 percent as much cooling 
in the front of the engine as in the free air stream. 
The open nose, which contributes about 3 pounds drag 
at 100 miles per hour, therefore gives very satisfactory 
front cooling. Since this drag increases proportion- 
ally with the dynamic pressure and since the cylinder 
finning must be adequate to give satisfactory cooling of 
the engine at the climbing speed, it is obvious that, at 
the cruising speed, much more power is required and 
more cooling is realized than is necessary on the front 
of the cylinders. 

On the ground and to a lessor extent in the take-off, 
almost no positive pressure exists in the front of an 
open-nose cowling. The factors affecting the pressure 
in the front of the cowling are explained in reference 1 
for the ground condition. It was shown that, when 
the hub and the propeller shank had no blade section, 
the pressure developed by the blade sections near the 
outer edge of the cowling opening was largely lost by 
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the hub section. By the use of propellers with blade 
sections close to the hub or by the use of spinners, a 
pressure was maintained over the front of the engine. 
The most practicable arrangement was a fixed disk set 
behind (lie propeller, which left an annular opening 
between the inner edge of the cowling and the outer 
edge of the disk with sufficient open area to allow the 
entry of the air without an appreciable energy loss. 
This annular opening must be behind a working section 
of the propeller and, for the case of ground cooling, 
large-diameter openings are preferable. The forward 
or backward position of the disk had a marked effect 
on the pressure developed. 

An effect on the pressure developed, resulting from a 
change with air speed of the configuration of flow 
around the cowling, was found on nose 7 and spinner 10 
(reference 4). In the particular arrangement reported 
in reference 4, the air flow around the cowling changed 
with the speed in such a manner as to give a high Ap/q in 
the take-off condition and a relatively low Ap/q at a 
high speed. It is probable that a spinner, adjustable 
forward and backward, employed behind the propeller 
might be a practicable means of controlling the front 
pressures and the front cooling. It is further shown in 
reference 1 that, when the airplane is on the ground, a 
swirl exists in the front of the engine; this swirl depends 
upon the propeller speed, the diameter of the cowling, 
and the engine conductivity. 

The mechanism of rear cooling and the means of 
obtaining the maximum cooling at the rear have been 
described in references 2, 5, 6, and 7. These reports 
show the power for cooling and how this power can be 
most usefully employed by the choice of optimum 
bailie shape and bailie length for the (in spacing used. 
They also point out how much the cooling can be 
improved by decreasing tin* (in spacing. 

The present report gives the results of a study to 
determine the cooling in the front of an engine cowling 
for the ground and the cruising conditions at various 
locations within the cowling with and without a spinner; 
several (in spacings and (in widths were used. A 
knowledge of the distribution of cooling ability within 
the cowling is also required and this knowledge is 
obtained from the same measurements used to deter- 
mine the effect of fin dimensions on cooling and the 
effect of operating conditions on cooling. 

APPARATUS AND METHODS 

All the tests were made in the nose of a full-scale 
cowling-nacelle combination in the N. A. C. A. 20-foot 
tunnel. The diameter of the opening in the front of the 
cowling was 35 inches. The engine was represented by 
a baffle plate of variable opening (fig. 1 (a) and (b)) 
to simulate engine conductivities ranging from 0 to 0.116. 




(a) Test cylinders in place; engine conductivity, 0.037. 




(b) Test cylinders and wooden cylinders in place; engine conductivity, 0.116. 




(c) Test cylinders, 24-inch round-edge disk, and propeller in place; engine con- 
ductivity, 0.116. 

Figure 1.— General views of test set-up. 
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Propeller E was used for all the tests. It has Navy 
plan form 3790; the hub sections are shown in figure 
1 (c). 

Eight half cylinders, similar to the one shown in 
figure 2, were made of brass to the dimensions given in 
table I. The diameter at the base of the fins was 5.81 
inches and the thickness of the wall was }i inch for all 



TABLE I 
CYLINDERS TESTED 




Figure 2— Detailed view of test cylinder. 

cylinders. The Length of each cylinder was approxi- 
mately 1 inch and the inside diameter was 5.56 inches. 
The Bn thicknesses desired in these cylinders were 
estimated, from the values given in reference 7, for the 
optimum thickness for the maximum cooling of the 
ha filed part of a cylinder. No information being avail- 
able regarding optimum thickness for maximum cooling 
of a cylinder in an open cowling, the use of these values 
is permissible because (he fin thickness is not a very 
critical quantity. 



Cylin- 
der 


Fin 
width 
(in.) 


Fin 
spacing 
(in.) 


Fin 
thick- 
ness 
(in.) 


Number 
of fins 
on cyl- 
inder 


Length 
of cyl- 
inder 

(in.) 


Area 
9.13X 

length 
(sq. in.) 


I 


0.5 


0. 031 


0.012 


23 


1.083 


9.88 


II 


.5 


.0fi2 


.016 


12 


.980 


8.95 


III 


.5 


. 125 


.021 




1.002 


9. 68 


IV 


1.0 


.031 


.010 


21 


1.045 


9.53 


V 


1.0 


.0fi2 


.025 


12 


I. 110 


10. 12 


VI 


1.0 


. 125 


.033 


6 


.955 


8. 72 


VI] 


2.0 


.0fi2 


.031 


11 


1.050 


9. 57 


VIII 


2.0 


.125 


.040 


6 


1.020 


9. 30 




Diameter of front opening, 35.0 in. 




Figure 3.— Positions in which cylinders were tested. 

Eighl thermocouples were sunk into the middle oi the 
cylinder wall at equal intervals around the circumfer- 
ence and welded to the cylinder. The temperature of 
the cylinder wall was determined by measuring the 
thermocouple electromotive force with a potentiometer. 
By this method, temperatures could be measured with 
an accuracy of about ±0.3° F. 

Each test cylinder was mounted on a heating unit 
(fig. 2) to form a complete test unit, also shown in 
figure 2. All tests were made with three of these test 
units mounted on a bracket. (See fig. 1 (a).) The 
three heating units were made from the same kind of 
wire and had the same resistance. Current was passed 
through the three heating units in series so that equal 
quantities of heat were generated in the three test units. 
About 275 watts were dissipated in each unit. 

The six positions in winch the cylinders were tested 
are shown in figure 3 ; the cylinders mounted in these 
positions are shown in figure 1 (a) and (b). 

In order to reproduce as closely as possible the actual 
conditions of air flow over the front of an engine, two 
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wooden cylinders 4 inches in diameter were mounted as 
shown in figure 1 (b) for most of the tests with the cyl- 
inders in positions 1, 2, and 3. 

A round-edge disk (fig. 1 (c)) 24 inches in diameter 
was designed according to the information given in 
reference 1 so that its size would be optimum for an 
engine conductivity of 0.100 

The values of Ap/q obtained in (lie cruising condition 
were 2.2, 1.8, 1.6, and 1.4 for conductivities of 0, 0.037, 
0.07S. mid 0.1 lf>, respectively. 
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Figure 4.— Variation of average heat-transfer coefficient with engine conductivity 
for three cylinders, with and without wooden cylinders in place. Ground run. 

METHOD OF CALCULATING OVER-ALL HEAT-TRANSFER 
COEFFICIENT 

The average cylinder-wall temperature was obtained 
by taking the arithmetic. mean temperature of the eight 
thermocouples in the cylinder wall. This mean tem- 
perature, together with the cylinder-base area and the 
heat input per hour, makes it possible to calculate U 
as follows: 

where 

Z7* is the over-all heat-transfer coefficient, B. t. u. 
per hour per square inch wall area per °F. 
H, heat input per hour, B. t. u. per hour. 
A, cylinder-wall area, square inches. 
t mj mean temperature of the cylinder wall, °F. 
t a; free-air temperature, °F. 



The factor (0.75) in the numerator of equation (1) 
was introduced to take into account the heat lost 
through the asbestos end plates and base. This factor 
was determined as a good average value from experi- 
ments with one of the test units. In the experiments 
made to determine these values, the temperature and 
tin* quantity of the air heated by the fins were measured 
separately from that of the air heated by the asbestos, 
and the heat given to each was determined. 

GROUND COOLING 

The results of the ground tests are presented in 
figures 4 to 10. These figures show the variation of the 
average over-all heat-transfer coefficient U with engine 
conductivity K for the particular conditions tested. 
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Figure 5.— Variation of average heat-transfer coefficient with engine conductivity 
for cylinder V in three test positions. Ground run. 



Most of the ground-cooling tests were made with 
the propeller operating at 985 r. p. m. In a few of the 
tests, from which the values shown in figures 6 (a), 
6 (b), and 7 were calculated, the propeller was operated 
at 900 r. p. m. All such tests were made at zero air 
speed. 

The effect of the addition of the two wooden cylinders 
(fig. 1 (b)) on the cooling of the test cylinders (fig. 4) 
is to increase the cooling somewhat in all cases tested, 
the increase in cooling being about the same for each 
cylinder. 



COOLING ON THE FRONT OF AN AIR-COOLED CYLINDER IN A CONVENTIONAL COWLING 



5 



PQ 
£5 



























Cylinder 
I 


Fin spt 
A 0.0 


■Dcinc 
31 


7, > n - 










II x .062 

III o J 25 






























































/ 


r=.// 


6 


























— o 




















X- 




































































































K 

r 


= .03 


7 














3 

















































-t* 




















0- 



















o 

PQ 



Cylinder Fin spacing, in. 

_ I a 0.031 

II x .062 

III o .125 




O 4 6 12 16 20 

Location of test unit a/ong cowling radius, in. 



0 4 8 12 16 20 

L ocation of test unit along cowling radius, in. 

(b) 24-inch round-edge disk. 



(a) No disk. 

Ki.i. KK 6.— Variation of average heat-transfer coefficient with location along the cowling radius for three cylinders having '-inch fin width tested in positions 1, 2, 

and 3. Ground run. 



The variation in cooling along the front of a cylinder 
barrel from base to head (figs. 5 and 6 (a)) is shown to 
be small in an open-front cowling for the ground-cooling 
condition. Cooling on the cylinder head, which corre- 
sponds roughly to cooling in positions 4, 5, and 6, is 
of the same order as cooling on the barrel in the open- 
front cowling. This relation may be seen by compa ring 
figures 6 (a) and 7 and also by examining figure 5. 
From the results shown by these figures, it can be said 
thai the position of the test cylinder in the cowling 
and its orientation with respect to the propeller swirl 
are not so important as fin spacing and width in deter- 
mining front cooling for the ground condition. 

The effect of adding the round-edge disk in front of 
the cowling (fig. 1 (c» varies from a slight increase to 
a 20-percent decrease in cooling. This variation can 
be seen by referring to figures 8 and 9 and by comparing 
figures 6 (a) and C> (b). 

In position 3, the test cylinder is exposed to the air 
(low coining through the slot between the disk and the 
cowling, and the cooling is as good as or slightly better 
than the cooling in an open-nose cowling. (Cf. figs. 
G (a) and 6 (b) and see figs. 8 (a) and 9 (a).) 
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(a) Tested in positions 1, 2, and 3. 
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Figure 8.— Variation of average heat-transfer coefficient with engine conductivity for three cylinders having Mo-inch fin spacing 

tested with and without disk in nose. Ground run. 
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(a) Tested in positions 1, 2, and 3. 
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Figure 9.— Variation of average heat-transfer coefficient with engine conductivity for three cylinders having 1-inch tin width tested 

with and without disk in nose. Ground run. 
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It thus appears that the addition of a disk, if desirable 
for increasing the pressure available for cooling the 
baffled part of the cylinder, would not reduce the 
barrel cooling by more than 20 percent and would 
slightly increase the cooling on the head. 

The effect of fin width is shown in figure 10 for the 
three fin spacings used. Obviously, there should be 
an optimum fin width, and it is interesting to note that 
this optimum is reached within the practicable range. 
This optimum width undoubtedly depends upon the 
operating condition. The undesirability of extremely 
wide (ins on the front of a cylinder is clearly demon- 
strated . 
8 




1.0 1.5 
Fin wfdth/m. 

Figure 10 —Variation of average heat-transfer coefficient with fin width for three 
fin spacings at two engine conductivities. All tests in position 3 with wooden 
cylinders in place. Ground run. 

The results from ground-cooling tests indicate that 
any noticeable change in cooling with changing engine 
conductivity is in the direction of a slight increase in 
front cooling with increasing conductivity. Since the 
supply of heat was insufficient to raise the temperature 
of the air in the cowling more than a negligible amount, 
the improvement must be due to increased air flow 
between the fins. This improvement may, however, 
be caused by a change in type of flow rather than 
directly by the flow through the engine. This point 
needs further study on a set-up better adapted to the 
investigation. 

COOLING IN THE CRUISING CONDITION 

All the cooling tests made in the cruising condition 
were conducted at the same value of P c , where 



qSV 

and P is the power supplied to the propeller shaft. 
q, dynamic pressure. 
S, propeller disk area. 
F, air velocity. 

In the cruising condition the propeller is run ;i( 
various speeds, depending on the air speed; conse- 
quently, the swirl induced in the front of the cowling 
by the propeller varies with the air speed. The tests 
made at speeds of 40 and 75 miles per hour had pro- 
peller speeds of 500 and 895 r. p. m., respectively. 
These speeds were lower than the propeller speed of 
985 r. p. m. at which the ground-cooling tests were 
made. The tests at 100 miles per hour were made with 
a propeller speed of 1,145 r. p. m. 




i.o i-5 

Fin width, in. 

Figure 11.— Variation of average heat-transfer coefficient with fin width for three 
cylinders having He-inch fin spacing, for two engine conductivities and three air- 
stream velocities. All tests in position 2 with wooden cylinders in place. Cruising 
condition. 

The value of the heat-transfer coefficient increases 
with increasing values of engine conductivity, air speed, 
and fin width up to a certain optimum width, for all the 
cylinders tested. All these effects can be seen in 
figure 11. 
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(a) Tested in positions 1, 2, and 3 with wooden cylinders in place. (b) Tested in positions 2, 4, and 0. NO wooden cylinders. 

Figure 12.— Variation of average heat-transfer coefficient with air-stream velocity for cylinder V for two engine conductivities. Cruising condition. 
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Figure 13.— Variation of average heat-transfer coefficient with air-stream velocity 
for three cylinders having ^-inch fin width in positions 1, 2, and 3 for two engine 
conductivities. Wooden cylinders in place. Cruising condition. 
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Figure 14.— Variation of average heat-transfer coefficient with air-stream velocity 
for three cylinders having 1-inch fin width in position 2 for two engine conductivi- 
ties. Wooden cylinders in place. Cruising condition. 
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(a) Cylinder II in position 2. 



3 4 
3 



\ I K 

0.037 

.037 

.116 

.116 - 

o No disk 

x 24-in. round-edge disk 



V, m. p. h. 
100 
75 ~ 
IOO 

— 75 — 




30 60 90 120 150 
Angle around cylinder, deg. 



180 




20 30 40 60 80 100 200 
Ve/ocify between fins, m.p.h. 

Figure 15.— Variation of average heat-transfer coefficient with velocity between the 
fins on the baffled part of the cylinder. 
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(c) Cylinder VII in position 3. 
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(b) Cylinder V in position 1. 

\M 16, — Variation of local heat-transfer coefficient with angle around cylinder for three cylinders having He-inch fin spacing at two engine conductivities and two 
air-stream velocities, with and without disk in nose. Wooden cylinders in place. Cruising condition. 
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The variation in cooling with change in air-stream 
velocity is shown in figures 12, 13, and 14. When these 
figures are compared with figure 15, which shows heat- 
transfer coefficients for the rear baffled part of a cylinder 
as reported in reference 7, it is seen (hat the cooling on 
the front of a cylinder compares quite favorably with t he 
cooling on the rear baffled part for the crusing condition. 

Figure 16 shows the variation of cooling around a 
cylinder barrel for cylinders II, V, and VII when the 
zero angle is on the side of the cylinder facing the pro- 
peller swirl. The results show considerably more cool- 
ing on the side facing the propeller swirl than on the 
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Cylinder Fin spacing, in. Position 

I a 0.031 4 

II x .062 5 
IH o J25 6 




20 40 60 80 

Air - stream velocity, m.p.h. 



100 



Figure 17.— Variation of average heat-transfer coefficient with air-stream velocity 
for three cylinders having H-inch fin width in positions 4, 5, and 6, with two engine 
conductivities. Cruising condition. 



other side of the cylinder. The large effect of the 
engine conductivity on cooling is also apparent. 

The large variation in cooling around a cylinder, 
especially wit \\ wide fins, -UL:grs(> that either an u asym- 
metrical baffle could be fitted to even out the tempera- 
ture distribution or the exhaust valve could be located 
in the region of good cooling to take advantage of the 
unequal temperature distribution. 

Cooling of cylinders in positions 4, 5, and 0 shows 
about the same general dependence on air-stream veloc- 
ity as has already been noted for the other positions. 
(See fig. 17.) 



DISCUSSION 

The data presented in figure 0 are rather unexpected; 
i. e., a spacing of 0.062 inch gave a lower heat-transfer 
coefficient in the ground condition than either a smaller 
or a larger spacing with the fins of V>-mch width. In 
order to check this apparently anomalous behavior, 
three cylinders were placed in a duct where the air 
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A ir -stream velocity, m.p. h. 

Figure 18.— Variation of average heat-transfer coefficient with air stream velocity 
for three cylinders having J 4-inch fin width. Duct tests. 
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Figure 19.— Variation of average heat-transfer coefficient with fin width for two fin 
spacings at an air-stream velocity of 40 miles per hour. Duct tests. 

velocity could be varied. The results of this series 
of tests are presented in figure IS. The small spacings 
gave a higher coefficient in the high-speed range, and 
the larger spacings gave a higher coefficient in the low- 
speed range. Thus, all the curves must cross. Tests 
run only within certain speed ranges (see fig. 18) will 
obviously give some surprising results. 
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Figure 10 also presents both interesting and impor- 
tant results, inasmuch as some of the curves indicate an 
optimum fin width. Although the curves were drawn 
through the test points in quite an obvious manner, 
additional points would have been more convincing. 

In order to investigate this matter further, several of 
the model cylinders were tested in a duct. Cylinder 
VII was cut down to l^S-inch fin width, and cylinder IV 
was cut down to %-inch fin width. These tests (fig. 19) 
show maximum heat transfer at the same fin widths as 
the tunnel tests. 

Although the duct tests did not exactly reproduce 
conditions in the front of a cowling, the tests do show 
that an unbaffled cylinder under certain conditions does 
have an optimum fin widt h that falls within the practi- 
cable nuige. 

This very important result must be due to the fact 
that the air flow penetrates to only a limited depth 
between the fins, as can be seen from figure 18, which 
shows that the 0.031-inch spacing is too small for its 
width at low air speeds. Consequently, the air-flow 
penetration between the fins is restricted and the cool- 
ing is poorer than with larger spacings, which allow 
the air to penetrate deeper. At high air speeds, how- 
ever, there is sufficient dynamic pressure to cause the 
air to penetrate all the way to the cylinder wall, even 
with the 0.031-inch spacing. Full advantage is thus 
taken of the large fin area associated with narrow spac- 
ing, and the fine spacing cools better than either of 
the coarser spacings. 

From the foregoing discussion, it is apparent that 
an optimum fin width must exist for each combination 
of fin spacing and air speed. The optimum width is 
probably the width that allows the air flow to penetrate 
just to the cylinder wall. For smaller fin widths, the 
cooling area is reduced. For larger fin widths, the 
depth of penetration of the air flow is no greater, so 
that the inner part of the wider fin serves merely as a 
resistance to heat flow along the fins. The cylinder wall 
therefore operates at a correspondingly higher tempera- 
ture while dissipating the same quantity of heat, and 
the over-all heat-transfer coefficient is lower than with 
optimum fin width. 

The flow on the side of the cylinder facing the propel- 
ler swirl or the air stream probably penetrates well to 
the cylinder wall even in the cylinder with wide fins 
but undoubtedly leaks out rather rapidly. This prob- 
ability accounts for the large variation in cooling around 
the cylinder, which is shown in figure 10(c). Figures 
20(a) and 20(b) show a similar variation in cooling 
around the cylinder for the ground condition. Figure 
20(e) shows that a cylinder in position 5 has the best 
cooling on the side toward the outside of the cowling. 

The variation of the heat-transfer coefficient with 
spacing at various air speeds can probably be explained 
by the nature of the flow. It appears that the small 
spacings at low air speeds have too much resistance to 



aii- flow to allow the cooling aii- to penetrate to the 
cylinder wall. This idea is substantiated by the results 
in figures 10, 13, and 14, where it can be seen that small 
spacings are relatively better on narrow fin widths. 

The position of the test cylinder in the front of an 
open cowling or the orientation of the fins to the 
propeller swirl has little effect on the cooling of the 
cylinder. When a disk is added to the front of the 
cowling, the cooling is somewhat reduced except over 
parts of the cylinder barrel and head that are exposed 
to the air stream coining through the slot, where little 
effect is noticed. The orientation of the fins remains 
r el a ti vely u nimp o r t a n t . 

The nature of the air flow that cools the front of 
cylinders is complex. (See reference 1.) It is com- 
posed of at least three types of flow: First, the swirl in 
the front of the cowling, which is caused by the rotating 
propeller; second, the fore-and-aft pulsating flow, 
which is caused by the alternate passage of the propeller 
blades with the associated regions of high pressure 
behind them and the open spaces between blades that 
permit air to escape back through the propeller disk; 
and third, the straight flow through the cowling, which 
is caused by high pressure in the front of the cowling 
as a result of high air speed or propeller speed. The 
straight type of flow is greatly influenced by engine 
conductivity. 

The results presented herein indicate that the heat- 
transfer coefficient for the ground-cooling condition is 
roughly the same as for cruising conditions at 60 to 80 
miles per hour. Since front cooling in the cruising 
condition is about the same with or without a propeller 
operating in front of the engine (see reference 2), it 
appears that the third type of flow, namely, straight 
flow through the cowling, controls the configuration 
of flow and the cooling in the front of the cowling for 
the cruising condition. 

For the ground-cooling condition, there is very little 
flow straight through the cowling; the first two types 
of flow, namely, swirl and pulsating flow, must account 
for the good heat-transfer coefficient obtained. The 
effect of engine conductivity on cooling is nevertheless 
important because a large conductivity permits the 
cooling air to be frequently changed, thus preventing a 
condition in which air remains in the cowling long enough 
to w arm up by continual contact with the hot cylinders 
and thus impair the cooling. 

The results of all the tests show that the cooling on 
the front compares favorably with that in the rear 
hallled part of the cylinder. This same result was 
noted in reference 2. The further fact that this front 
cooling is obtained relatively more cheaply than baffled 
cooling makes the desirability of using a closed-nose 
cowling questionable. If fin design is not improved 
and blower cooling is resorted to as the only alternative, 
a considerable increase in the cost of cooling will be 
necessary to give the same cooling; the power increase 
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Figure 20.— Variation of local heat-transfer coefficient with angle around cylinder 
for cylinder V with He-inch fin spacing and 1-inch fin width for several engine 
conductivities, with and without disk in nose. Wooden cylinders. Ground 
condition. 

will be roughly proportional to the fifth power of the 
cooling. 

Although the results presented in this report are 
believed to be representative of the quantitative values 
of the heat-transfer coefficient to be realized on an actual 
engine, their chief value lies in the fact that they indi- 
cate the comparative importance of various cooling 
parametei's and also the manner in which the variation 
of each individual parameter affects the cooling of a 
cylinder. 

The results herein presented serve to introduce the 
problem of front cooling and to give a preliminary 
answer. The problem should be further studied with 
a set-up where actual engine cylinders in a cowling can 
be tested under operating conditions simulating ground, 
climb, and cruising conditions. In this manner, the 
elative cooling of the front and the rear of the cylinder, 
as well as the effect of fin dimensions, fin arrangement, 
and baffle arrangement on cooling, can be determined. 
This information is especially important because recent 



COOLING ON THE FRONT OF AN AlE-COOLE 

cooling determinations (results unpublished) show that 
the power cost for this cooling is lower by far than the 
power cost of any other arrangement, in addition to 
the advantage of the extreme simplicity of the cooling 
system. 

CONCLUSIONS 

The cooling in the front of a cowling was: 

1. Not greatly dependent on the position or the 
orientation of the cylinder within the cowling for usual 
engine conduct Lvities. 

2. Improved by an increase in engine conductivity 
in the cruising condition. 

3. A function of the propeller speed, improving as 
the speed increased. 

4. A function of fin width, the optimum fin width 
falling within the usable range. 

5. Improved by narrower spacing to the point where 
the air-flow resistance was too high. 

6. Increased by an increase in air speed. 

7. Slightly decreased by the use of a stationary disk 
behind the propeller. 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., April 5, 1939. 
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Absolute coefficients of moment 

r 1M 

(pitching) 



Cl ~qbS 



(rolling) 



D, Diameter 

p, Geometric pitch 

p/D, Pitch ratio 

V, Inflow velocity 

V Sf Slipstream velocity 

T 9 Thrust, absolute coefficient C T 

Q, Torque, absolute coefficient C Q 



1 hp. = 76.04 kg-m/s=550 ft-lb./sec. 
1 metric horsepower = 1.0132 hp. 
1 m.p.h. =0.4470 m.p.s. 
1 m.p.s.=2.2369 m.p.h. 



(yawing) 



Angle of set of control surface (relative to neutral 
position), 5. (Indicate surface by proper subscript.) 



4. PROPELLER SYMBOLS 





P, 




c„ 




V, 


T 


n, 




% 


Q 




' pn 2 ]? 





Power, absolute coefficient C P = 



leYl 

*Pn 2 



Speed-power coefficient =-y/j 
Efficiency 

Revolutions per second, r.p.s. 
Effective helix angle = tan" 1 (j^~ 7 t~) 



5. NUMERICAL RELATIONS 



1 lb.=0.4536 kg. 

1 kg=2.2046 lb. 

1 mi. = 1,609.35 m=5,280 ft. 

1 m=3.2S08 ft. 
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